Objectives: To determine the occurrence and transmission of class 1, 2 and 3 integrons in multidrugresistant or sulfamethoxazole-resistant Salmonella from human and animal sources and in Campylobacter spp. and Escherichia coli from broilers isolated in the Netherlands in 2004.
Introduction
Antimicrobial resistance and, in particular, multidrug resistance (MDR) is an increasing problem worldwide. MDR encoded by linked resistance genes occurs on integrons, which are potentially mobile genetic elements considered to be involved in the transfer of MDR. 1 Exposure to MDR bacteria via the food chain is considered a potential risk to human health through food borne infections with resistant pathogens or because integrons can transfer horizontally from bacteria from food-producing animals to human pathogens. 2 In Campylobacter spp., Salmonella and E. coli isolated from food-producing animals in the Netherlands the levels of resistance and MDR show a tendency to increase.
3 So far however, little is known about the transmission of integrons from E. coli as part of the commensal intestinal flora of animals to pathogenic bacteria such as Campylobacter spp. and Salmonella.
The aim of this study was to determine the occurrence and the transmission of integrons of classes 1, 2 and 3 in a selection of MDR Salmonella from human and animal sources and in Campylobacter spp. and E. coli from broilers isolated in the Netherlands in 2004 and to characterize the gene cassettes associated with these integrons.
Materials and methods

Bacterial isolates
From the strain collection obtained in the Dutch antimicrobial resistance monitoring programme in animals of 2004, 3 Salmonella, E. coli and Campylobacter isolates resistant to three or more antimicrobial classes, excluding resistances encoded by chromosomal mutations were selected (MDR isolates). Also included in the selection were all isolates resistant to sulfamethoxazole as an indicator for the presence of class 1 integrons in Enterobacteriaceae. As a result 228 Salmonella, 234 E. coli and 40 Campylobacter isolates were selected. Excluded were Salmonella Paratyphi B var. Java (Salmonella Java) and Salmonella Typhimurium Definitive Type 104 (DT104). The Salmonella Java clone spreading in Dutch broilers harbours a chromosomal class 2 integron with the gene cassettes dfrA1-sat2-aadA1. 4 Salmonella Typhimurium DT104 harbours a well-described chromosomal complex class 1 integron in the MDR region of Salmonella genomic island 1 (SGI1).
Detection of integrons by PCR
The E. coli, Campylobacter and Salmonella isolates were screened for the presence of integrons of classes 1, 2 and 3 and for the presence of conserved segments (CS) containing the gene cassettes of class 1 and 2 integrons by PCR as described before. 5 -9 As positive control E. coli 4H1 was used for the intI1 PCR; a Salmonella Paratyphi B var. Java isolated from Dutch broilers was used for the intI2 PCR and Serratia marcescens AK9373 was used for the intI3 PCR. As negative control E. coli ATCC 25922 was used.
Characterization of inserted gene cassettes by restriction fragment length polymorphism (RFLP) typing and DNA sequence analysis RFLP analysis was performed on the conserved segments of the class 1 and 2 integrons. The amplification product was digested with a combination of restriction enzymes as described previously. 2 The DNA sequence was determined for at least one of the variable region amplification products belonging to each of the individual RFLP patterns obtained using a 3100-Avant Genetic Analyzer (Applied Biosystems).
Conjugation experiment
Integron-positive E. coli and Salmonella were used as donor isolates and a rifampicin-resistant, indole-negative E. coli K12 was used as recipient in conjugation experiments as described previously. 5 Transconjugants were tested for susceptibility to a panel of antibiotics with the broth microdilution method.
3 Transfer of antimicrobial resistance genes was confirmed by PCR as described above.
Results
Selection of isolates
Most of the E. coli isolates selected were resistant to sulfamethoxazole (94%), trimethoprim (81%), tetracycline (78%) and amoxicillin (77%). In addition 30% were resistant to chloramphenicol, 15% to neomycin, 12% to cefotaxime and 5% to gentamicin.
In the selected Campylobacter spp. resistance to metronidazole (87%), doxycycline (87%) and amoxicillin (61%) was most commonly observed. Also 39% were resistant to sulfamethoxazole, 26% to streptomycin, 22% to neomycin and 4% to chloramphenicol.
In the selected Salmonella isolates resistance to sulfamethoxazole (99%), tetracycline (72%), amoxicillin (61%), or trimethoprim (52%) was most commonly observed. In addition 20% were resistant to chloramphenicol, 7% to neomycin and 5% to gentamicin.
Occurrence of integrons
Class 1 integrons were commonly found in the E. coli (76%) and Salmonella isolates (43%) tested (Table 1) . Class 2 integrons were found in 11% of the E. coli isolates and 1% of the Salmonella isolates. No integrons of either class were detected in Campylobacter. Class 3 integrons were not detected in any of the bacterial species examined.
In 222 of the 272 intI1-positive and in 24 of 26 intI2-positive Salmonella and E. coli isolates, the CS-PCR result was positive (Table 1) . CS amplification products of 11 different sizes were found. Fragments varied in length between 600 and 2600 bp ( Table 2) .
In two E. coli isolates and in 22 Salmonella isolates two CS1 amplicons were detected. One E. coli isolate harboured a 1000 and a 1550 bp CS1 amplicon, while the other E. coli harboured a 1450 and a 1550 bp CS1 amplicon. All 22 Salmonella isolates harboured a 1000 and 1200 bp CS1 amplicon. In five E. coli isolates and one Salmonella isolate a CS1 and a CS2 amplicon were detected. The E. coli isolates harboured a 1550 bp CS1 amplicon and a 1550 bp CS2 amplicon (three isolates); a 1000 bp CS1 amplicon and a 2300 bp CS2 amplicon and a 1550 bp CS1 amplicon and a 2600 bp CS2 amplicon. The Salmonella isolate harboured a 1000 bp CS1 amplicon and a 1300 bp CS2 amplicon. Table 1 . Total numbers and percentages of E. coli, Salmonella and Campylobacter spp. positive for class 1, 2 and 3 integrons (intI1, intI2, intI3) and their conserved segments (CS1, CS2, CS3) Van Essen-Zandbergen et al.
Characterization of inserted gene cassettes by RFLP typing and DNA sequencing
Among the 11 different-sized CS amplification products found, 22 different RFLP patterns were detected (Table 2 ). Sequence analysis of the amplicons belonging to the 22 individual RFLP patterns showed that 21 different gene cassettes were found within the integrons ( Table 2 ). The gene cassette array most frequently found associated with class 1 integrons, in E. coli as well as in Salmonella, was dfrA1-aadA1a. The cassette array most frequently found associated with class 2 integrons was dfrA1-sat2-aadA1. Interestingly, two of the cassette arrays contained a linF gene. One of the linF genes was part of an aadA2-linF cassette and was found to be associated with a class 1 integron. The second linF gene was part of the linF-sat2-aadA1 cassette and was found to be associated with a class 2 integron.
Remarkably, only a small part of the resistance profile of the isolates could be explained by expression of the gene cassettes found within the integrons analysed. Apparently a considerable number of antibiotic resistance genes are located outside the integrons analysed here.
Conjugation experiment
Transconjugants were obtained with 70% intI1-positive E. coli isolates, 66% intI2-positive E. coli isolates and 50% intI1-positive Salmonella isolates ( Table 2 ). The antimicrobial resistance profiles of the transconjugants show that in addition to the transfer of resistance genes associated with the integron, other resistance genes present in the donor isolates were transferred as well. The number of additionally transferred genes differed by donor strain.
Discussion
In E. coli and Salmonella isolates selected for this study class 1 integrons occurred frequently, while class 2 integrons were detected in a limited number of isolates. In Campylobacter no integrons of either class 1 or 2 were detected. Moreover, no class 3 integrons were detected in any of the bacterial species examined. Class 3 integrons are to date only described in Serratia marcescens and Klebsiella pneumoniae.
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The cassette array most frequently found associated with class 1 integrons, in E. coli as well as in Salmonella was dfrA1-aadA1a (Table 2) . We confirmed the transferability of this class 1 integron in the conjugation experiment from E. coli and Salmonella to the E. coli K12 recipient.
The gene cassette array most frequently found associated with class 2 integrons was dfrA1-sat2-aadA1. This transposon is common in Salmonella Java isolated from broilers in the Netherlands and Germany 4 and is recently found in Salmonella Typhimurium. 12 Here, we also isolated one Salmonella Typhimurium from broilers containing a class 2 integron with the dfrA1-sat2-aadA1 gene cassette array. Moreover we demonstrated that in E. coli strains from broilers the dfrA1-sat2-aadA1 gene cassette array is the predominant class 2 integron, which indicates horizontal gene transfer between E. coli and Salmonella. We confirmed the transferability of this class 2 integron in the conjugation experiment from this E. coli isolate to the E. coli K12 recipient.
Two cassette arrays were found containing the linF gene. One of the linF genes was part of an aadA2-linF cassette associated with a class 1 integron, which was previously described in an E. coli strain isolated from bloodstream infections in human patients. 13 Here this gene cassette array was found to be associated with a Salmonella Anatum strain isolated from poultry, which indicates the transfer of gene cassettes between E. coli and Salmonella or a common source for the gene. The second linF gene was part of the linF-sat2-aadA1 cassette and was found to be associated with a class 2 integron. This is the first time that the linF gene has been found to be associated with a class 2 integron. Both linF genes were identical except for the last two nucleotides of the 59 base element (be), the nucleotides AT in the class 1 integron are substituted by GC in the class 2 integron.
Eleven out of 18 gene cassette arrays associated with class 1 and two out of four class 2 integrons could efficiently be transferred from E. coli or Salmonella to the E. coli K12 recipient.
Although our study shows that integrons contribute to the occurrence and transmission of MDR in Enterobacteriaceae, further studies need to be conducted to determine the other factors involved in transmission of linked resistance genes.
